In order to investigate the role of inclusions as sources for delamination wear in liquidized nitrogen (L.N2), the rubbing wear tests of SUS316 type stainless steels including various amounts of sulfide inclusion against quench-hardened or tempered SUS440A type stainless steels were carried out in air at R. T. and in L.N2. Results are summarized as follows: With increasing sulfur content, the wear-loss of SUS316 specimens increased and that of the tempered companions decreased, but the weight of hardened companions increased by adhesion. MoS2 is a superior lubricant available for use in L.N2.
I. Introduction
Low temperature liquidized gases are widely used in various industries nowadays. In order to obtain a guide for selection of materials for machine parts subjected to rubbing wear in liquidized gases, the authors have investigated the wear of various alloys in liquidized nitrogen (L.N2) and oxygen,'-3) and found that the delamination wear proposed by Suh et al. [4] [5] [6] [7] [8] was one of the most important mechanisms of the wear. In the present work, the role of inclusions as sources of delamination wear in L.N2 was investigated.
II. Experimental Proceduer
Austenitic (SUS316) and martensitic (SUS440A) stainless steels were prepared for test pieces considering corrosion-resistance to dew. The composition of steels used are shown in Table 1 . SUS316 type steels (S 1 ''S5) having various amounts of sulfur were quenched from 1 125 °C. Their microstructures are shown in Photo. 1. The composition of main inclusions were decided by XMA to be (Mno.25~o.5-Cro.75~o.5)S. Fine particles of Si02 were sometimes observed beside these sulfide particles. The size distribution of sulfide is shown in Table 2 . SUS440A type steels were oil-quenched and cooled in L.N2.
A part of them (MQ) was tempered at 150 °C for 2 h and the other part (MT) was tempered at 650 °C for 24 h. The hardness of test pieces is shown in Table 1 .
The test machine used is the same one as shown in the previous papers.''2~ An edge plane of a tubular test piece having outside diameter of 20 mm and After rubbing for 10 min, the weight of pieces was measured.
III.
Results and Discussion Figure  1 shows the wear loss of S-series specimens as a function of sulfur content. The detrimental effect of sulfide inclusions on wear is distinct and the clean and tough " 51 " is very wear-proof against hardened " MQ ". Figure 2 shows the wear curves for the companions MT and MQ) as a function of load. It is interesting to find that the wear-loss of " MT " decreased with increasing sulfur content in S-series steels, and that the weight of " MQ" specimens were increased by adhesion of materials transported from the companions (S-series steels).
Photograph 2 shows typical examples of debris delaminated from (a) " 51 " and (b) " 53 " specimens rubbed in L.N2. (a) is flaky and (b) is rather massive. These appearances show the difference in ductility of the mother materials.
Photograph 3 shows microstructures of crosssections of S-series specimens. Elongated cracks including inclusions can be observed. It is considered that typical delamination wear took place in the present tests.
Photograph 4 shows (a) rub-scar and (b) microstructure of cross-section of a " MQ " specimen rubbed against " S5 " in L.N2. (b) shows the adhesion overlay of 5 ,um thick transported from " S5 ". It is interesting to find that no inclusions can be observed in this overlay. This observation tells that only the clean part of wear debris adhered on " MQ" specimen surface but less-adhesive inclusions were 
Transactions ISIJ, Vol. 24, 1984 rejected. Photograph 4(a) shows ductile rub-mark on this clean overlay. Suh et a1.4-8> suggested that the delamination wear decreased with decreasing friction force. Figure 3 shows the wear curves when MoS2 and graphite powders were charged several grams in L.N2 as lubricants. The wear-loss of " S5 " specimens decreased by MoS2 addition down to 1 % of that without MoS2.
The thickness of deformed layer by rubbing can be measured with the photographs such as Photo. 3. Table 3 Photo.
4. SEM photographs of (a) surface and (b) cross section of a " MQ" specimen rubbed against " 55 " under the load of 11.2 kgf in L.N2, showing adhesion overlay. 
